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Objectives: Standardizing surgical skills teaching has been proposed as a method to rapidly attain technical competence.
This study compared acquisition of vascular skills by standardized vs traditional teaching methods.
Methods: The study randomized 18 first-year surgical residents to a standardized or traditional group. Participants were
taught technical aspects of vascular anastomosis using femoral anastomosis simulation (Limbs & Things, Savannah, Ga),
supplemented with factual information. One expert instructor taught a standardized anastomosis technique using the
same method each time to one group over four sessions, while, similar to current vascular training, four different expert
instructors each taught one session to the other (traditional) group. Knowledge and technical skill were assessed at study
completion by an independent vascular expert using Objective Structured Assessment of Technical Skill (OSATS)
performance metrics. Participants also provided a written evaluation of the study experience.
Results: The standardized group had significantly higher mean overall technical (95.7% vs 75.8%; P  .038) and global
skill scores (83.4% vs 67%; P  .006). Tissue handling, efficiency of motion, overall technical skill, and flow of operation
were rated significantly higher in the standardized group (mean range, 88%-96% vs 67.6%-77.6%; P < .05). The
standardized group trended to better cognitive knowledge (mean, 68.8% vs 60.7%; P  .182), creation of a secure knot
at the toe of the anastomosis, fashioning an appropriate arteriotomy, better double-ended suture placement at the heel of
the anastomosis (100% vs 62.7%; P  .07), and accurate suture placement (70% vs 25%; P  .153). Seventy-two percent
of participant evaluations suggested a preference for a standardized approach.
Conclusions: This study demonstrates the feasibility of open vascular simulation to assess the effect of differing teaching
methods on performance outcome. Findings from this report suggest that for simulation training, standardized may be
more effective than traditional methods of teaching. Transferability of simulator-acquired skills to the clinical setting will
be required before open simulation can be unequivocally recommended as a major component of resident technical skill
training. (J Vasc Surg 2011;53:229-35.)During the past half-decade, the surgical training struc-
ture in theUnited States and Europe has experienced a radical
change of culture andworking pattern. Since 2004, physicians
in Europe have had to conform to the European Working
Time Directive (EWTD), mandating a working week at the
present time of no more than 48 hours.1,2 Similarly, since
2003, physicians in the United States have become accus-
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doi:10.1016/j.jvs.2010.07.064tomed to reporting their weekly hours under the Accredita-
tion Council for Graduate Medical Education (ACGME)
standard of no more than 80 duty-hours per week.3
Studies of operative experience and educational out-
comes shortly after the introduction of the work-hour
restriction demonstrated no significant difference.4-7 How-
ever, reports published more recently have shown a decrease
in operative case volume, suggesting that the initial lack of
difference seen in earlier studies may prove to be merely a
honeymoon effect.8-11 In surgical specialties where minimally
invasive therapies are becoming more prevalent, such as in
vascular surgery, this decrease in operative volumemay have a
deleterious effect on operative competency.
Simulation has been proposed as a means to bridge this
gap in operative skill. Numerous well-validated studies from
the military, airline, astronautical, and mining industries have
reliably demonstrated the role for rigorously designed simu-
lation programs in skills training.12-15 These results have been
mirrored in the field of surgery, with simulators designed to
provide minimal-access surgical training.16-18 Endovascular
simulation, as a mode of training, has already been embraced
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acceptance as a credible means of attaining basic endovascular
skills19 that are transferable to the operating room,20 a phe-
nomenon known as “isoperformance.”
Although vascular trainees are becoming more adept at
performing endovascular interventions, the volume of open
vascular procedures has experienced a decline. At the same
time, the complexity of these open cases has increased.21,22
This change in treatment bias from open toward endovas-
cular modalities has been hypothesized by many vascular
experts to potentially lead to a reduction in open vascular
skills for future vascular trainees. This concern led to the
formation of the European VascularMasterclass (the Pontres-
ina course) by leading European vascular centers with the
specific aim to train vascular surgeons on realistic open vascu-
lar simulators using a standardized teaching approach.23
This approach uses stepwise teaching of a consensus-
formulated approach to performingopen vascular procedures.
Task-specific learning processes are understood to be acquired
in two phases; fast-phase and slow-phase learning. Fast-phase
learning occurring within individual skill sessions, with com-
plementary slow-phase learning between sessions during
times of rest.24 A phenomenon described as interference oc-
curs when new tasks are learned in succession and can lead to
forgetting the previously learned task. The theory has been
postulated that competition for task-acquisition pathwaysmay
render one task-learning process obsolete.25
From this observation we hypothesized that deliberate
repeated practice using an identical approach for each learning
encounter (standardization) would enhance pattern recogni-
tion, leading to greater skills competence over a traditional
teachingmethod that requires relearning of the skill process at
each encounter. This study used a high-fidelity open simula-
tion model of a femoroperoneal anastomosis to examine the
effect of standardizing the method of teaching during the
acquisition of technical skill by novice surgeons.
METHODS
This study was approved by the University of California-
Los Angeles Institutional Review Board (IRB #G09-05-
046-01).
Participants. The study recruited 20 first-year surgical
residents who were randomized to one of two groups: the
traditional group or the standardized group. Both groups
underwent instruction and assessment of their technical
skills while performing a vascular anastomosis using the
Femoro-Peroneal Anastomosis trainer (Limbs & Things,
Savannah, Ga). Two participants were unable to undergo
assessment at the conclusion of the five teaching sessions;
thus, 18 participants completed the training sessions and
were assessed at completion. The participants were in-
formed that they were not allowed to share any experiences
of the teaching sessions with other participants either within
or between groups. All instructors were attending vascular
surgeons and were given the following brief for each session:
“Instruct participants to perform an anastomosis between
synthetic graft and simulated peroneal artery.”The study was performed over 8 weeks and comprised
four 1-week training sessions, followed by a 1-hour assess-
ment session. The traditional group was taught the technique
on the simulator by different instructors in each of the training
sessions. Instructors were given complete freedom over the
format and structure of each 1-hour session. There were four
different vascular instructors in the traditional group.
The standardized group was taught by the same in-
structor who used a stepwise and predetermined standardized
teaching protocol. The instructor demonstrated each step of
the anastomosis first at the front of the teaching area, with
each pair performing each step before moving onto the next
step until the anastomosis was completed. The instructor did
not deviate from the predetermined standardized teaching
protocol for any session, thus ensuring that the steps of the
instruction did not vary from session to session. The standard-
ized teaching protocol had been formulated by two of the
senior authors (PL and JO) by consensus opinion before the
study commenced. To eliminate potential bias in the method
of instruction, the instructors were not given information
about the other instructors, the method of assessment, or the
participants whom they were teaching.
Open simulation model. The Limbs & Things
Femoro-Peroneal Anastomosis trainer is a simulated open
vascular anastomosis model that was specifically chosen to
represent an operation that none of the participants had been
involved in as the primary surgeon and one that requires
Fig 1. A, Femoro-Peroneal Anastomosis trainer (Limbs&Things).
B, Close-up view of simulated anastomosis.significant technical skill (Fig 1,A andB). An 8-mmHemash-
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graft was used as the conduit for the anastomosis because this
was felt to provide a large enough graft for novice surgeons to
learn the technique of vascular anastomosis. The simulated
peroneal artery was of a smaller but adequate caliber to per-
form the anastomosis with a significant degree of difficulty,
whichwas felt to be necessary to provide a sufficient sensitivity
at the assessment phase.
Participants underwent all simulation training sessions
in pairs, with one femoroperoneal simulator for every two
participants. Each participant assisted while the other per-
formed the anastomosis before swapping roles. Therefore,
both participants performed one anastomosis in the 1-hour
session. Participants were given instruction on performing
an anastomosis between the synthetic graft and the simu-
lated peroneal artery. The traditional and standardized
groups used identical standard vascular instruments, mate-
rials, and simulators during all five sessions.
Mode of assessment
Participants were tested in pairs in a similar fashion to
the teaching sessions. Participants were allowed to choose
any other participant in their group for teaching or assess-
ment sessions and were not assigned the same participant.
Knowledge assessment. All participants were admin-
istered a knowledge assessment examination consisting of
eight multiple-choice questions designed to test aspects of
cognitive learning taught during the training sessions.
Global and technical skills assessment. Using the
Objective Structured Assessment of Technical Skill
(OSATS),26 an independent vascular surgeon, who was
blinded to the training of the different groups in the study
and was not involved in the study design or protocols,
observed the participants. The OSATS score sheet was
modified from existing assessment protocols to suit the
femoroperoneal simulation by one of the senior authors
who had no involvement in and was blinded to the stan-
dardized teaching protocol to avoid any possible bias in the
assessment (Appendix, online only). A global performance
rating (Global OSATS) was assigned according to a 5-point
Likert-based scale (1  poor, 5  proficient) for skills
domains of tissue handling, efficiency of motion, flow of
operation, technical skills, and assessment of proficiency.
This global performance rating was not based on objective
data points and was a subjective reflection of the general
performance of the task by the participant.
A more detailed technical assessment (Technical
OSATS) was also performed, with participants given one
point for each correctly performed technical aspect of the
simulated anastomosis, including arteriotomy formation,
suture placement, needle angle, and secure knot-tying, and
no points for omission or incorrectly performed aspects.
This portion of the assessment was more rigorous and
based on a measured objective technical score sheet.
Poststudy questionnaire and evaluator comments.
At the end of the knowledge and technical skill assessment,
participants completed a brief questionnaire regarding their
experiences with open simulation and provided feedbackconcerning their participation in the study. The indepen-
dent vascular surgeon provided commentary on the perfor-
mance of the participants in addition to OSATS evaluation.
Statistical analysis. Performance metrics of the stan-
dardized and traditional groups were compared with two-
tailed t tests for independent samples. The  level was set at
0.05, with values below this assigned statistical significance.
Analyses were performed using SPSS 17 software (SPSS
Inc, Chicago, Ill).
RESULTS
The demographics of the participants are summarized
in Table I. Prior experience with simulation was varied,
ranging from zero to six sessions with simulators per indi-
vidual; however, none of the participants had experience
with open vascular simulation.
Knowledge assessment scores were not significantly
different between the standardized and the traditional
group, with a mean correct score of 68.8% vs 60.7% (P 
.182). The standardized group had higher overall mean
Global (83.4% vs 67%; P  .006) and Technical OSATS
scores (95.7% vs 75.8%; P  .038) than the traditional
group. Four of the five components of the Global OSATS—
tissue handling, efficiency of motion, overall technical
skill, and flow of operation—were rated higher in the
standardized group (mean range, 88%-96% vs 67.6%-
77.6%; P  .05 for all; Fig 2). There was no difference in
the proficiency component of the Global OSATS between
groups (82% vs 77.5%; P  .639).
Although none of the individual components of the
Technical OSATS demonstrated a statistically significant
difference, the standardized group trended toward better
creation of an appropriate arteriotomy (100% vs 62.5%; P
.07); placement of a double-ended suture at the heel of the
anastomosis (100% vs 62.5%; P .07); creation of a secure
knot at the toe of the anastomosis (100% vs 62.5%; P 
.07); placement of sutures accurately, defined by suture
placement 2 to 3 mm apart (70% vs 25%; P  .153);
following of the curve of the needle through tissue (100%
vs 75%; P  .183); creation of a secure anastomosis (100%
vs 75%; P .183); and securing of the suture with rubber-
Table I. Participant demographics
Variable
Traditional
group, No.
Standardized
group, No.
Participants 8 10
Sex
Male 6 8
Female 2 2
Year of training 1 1
Specialty
Preliminary 3 4
General surgery 4 2
Orthopedics 1 1
Neurosurgery 0 1
Urology 0 2
Simulator experience (exposures) 17 14shod clamps (100% vs 75%; P  .183; Fig 3).
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participants using OSATS, the independent vascular asses-
sor provided brief written observations regarding partici-
pant performance.
Data from the short poststudy questionnaire (1 
lowest, 10 highest) demonstrated that participants in the
standardized and traditional groups both subjectively rated
their confidence in their ability to perform a vascular anas-
tomosis before the study as very low (mean, 1.9 vs 1.0; P
.15). Participants similarly rated their confidence in their
ability to perform an anastomosis after the study as much
higher (mean, 7.2 [standardized] vs 6.3 [traditional]; P 
.30). The number of sessions each participant thought
would enable them to feel comfortable performing an
anastomosis in the operating room was similar between
groups (mean, 5.3 [standardized] vs 6.5 [traditional]; P 
.54). Finally, both groups strongly preferred to be taught
by the same teacher for skills training (mean, 6.9 [standard-
ized] vs 6.8 [traditional]; P  .88; Fig 4).
DISCUSSION
This randomized prospective study suggests that per-
formance outcomes can be influenced by the specific
method of instruction in a simulated environment. The
standardized group exhibited higher performance metrics
Fig 2. Global skill assessment scores for standardized and tradi-
tional groups by individual components.
Fig 3. Technical skill assessment scores for standardized and tra-
ditional groups by individual components.than the traditional group in both the task-orientated tech-nical skills assessment and the global assessment of surgical
skills. However, both groups were able to attain technical
scores75% and global skills scores65% in a challenging
novel task after only four 1-hour sessions. This is a further
example that competency-based simulation continues to
demonstrate effectiveness as a surgical skills training ad-
junct.27 The durability of this effect has been studied in
other surgical simulator settings (eg, laparoscopic simula-
tion) but is largely unknown for open simulation.28,29
Knowledge scores were similar between groups. The
notion that cognitive learning is necessarily linked with
technical or procedural skill is still an area of much debate.
It is clear that this relationship cannot be described in a
simple linear fashion.30-32 The measurable difference in the
technical scores between groups despite similar knowledge
scores reinforces our opinion that surgical skill studies
should avoid use of protocols that examine performance
measures based on both cognitive and procedural skill eval-
uation in a cumulative or summative fashion. In other
words, we believe that a high score on a written knowledge
test does not accurately reflect technical prowess and thus
raises questions regarding the need for technical compe-
tency assessments upon completion of vascular surgery
training before independent practice.
This study was not adequately powered to examine the
individual components of the technical skill evaluation,
such as whether one group was more proficient than the
other at fashioning an appropriate arteriotomy; however,
the total scores demonstrated a difference between groups,
with higher scores for the standardized group than for the
traditional group. We propose that an individual learning
to perform a novel task, for example, learning to ride a
bicycle, would achieve a predetermined level of compe-
tence more rapidly when taught in a highly repetitious and
similar fashion each time than when a different approach to
the task was presented at every task exposure. Evidence
from the literature supports this hypothesis with a neuro-
biologic basis for motor memory that implicates permanent
Fig 4. Self-evaluation questionnaire for standardized and tradi-
tional groups by participant responses. Questionnaire categories
are listed on the x-axis.neuronal rewiring with acquisition of novel tasks.33-35 An-
wh
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sessment session of the study additionally seems to suggest
that participants may benefit from a standardized approach
with better ability to organize and understand the next
steps of the procedure. The selected comments from the
participants were additionally suggestive of a preference for
a structured approach to training (Table II).
The use of simulation lends itself well to studying the
effect that teaching methodology has on performance out-
comes. Many variables can be controlled, standardized, and
recorded in an objective manner. Although arguments of
construct validity follow any simulation study, we believe it is
the ideal setting to capture useful data on task performance as
a function of the teaching method used. We believe that only
when proven effective in a simulated setting can a standard-
izedmethodology for teaching thenbe validated in the clinical
setting. Thus at this stage, we can only suggest, rather than
recommend, that standardization of teaching methodology
should be the preferred method of instruction for technical
skills in the clinical, as opposed to simulated, arena.
A homogenous group of novice surgeons were selected
for two reasons. First, novice surgeons at this stage in training
have had little exposure to complex surgical procedures and
therefore there is little bias in performance based on previous
exposure and experience. Second, well-documented in the
simulation literature is the greater effect of simulation at the
novice stage of training compared with more experienced
participants.36,37 An explanation for this finding is that expe-
rienced participants have already created and honed psy-
chomotor skill sets based on learning and feedback from
task-specific performance measures (eg, poor suture place-
ment leading to anastomotic bleeding). Novice participants
have not yet created those skill sets, and thus, intervention at
this critical stage leads to a greater observed effect. It is for this
reason that standardization of teaching methodology is most
effective at an early stage of skills training.
We do recognize that there is a potential for bias because
the individual skill level of the participants was not tested on
the simulated task before the commencement of training, and
thus, a pre-test to post-test comparison in addition to an
intergroup comparison was not available for scrutiny. This is a
limitation of the study, and the design of future studies of the
effect of standardization should incorporate pretesting to as-
Table II. Selected participant and evaluator comments
Standardized
Participant comments
“I liked the single teacher with the same teaching style. I
believe consistency made learning the easiest”
“I
“(The) hands-on and systematic approach that (doctor)
used was extremely helpful in learning the skills”
“(
Evaluator comments
“Some participants were noticeably better organized than
others and appeared to work through the steps of the
procedure with greater ease”
“(sess baseline technical skill before intervention.The similarities between the groups in their preference
for the same teacher to instruct all skills sessions is sugges-
tive of a preference for pedagogic forms of learning, which
include repetition and pattern recognition when presented
with novel tasks. This approach yields to more adult learn-
ing processes as the task becomes more familiar and skill
levels increase.38 In the poststudy questionnaire, the “same
teacher” is used as a proxy for standardization. Although
the explicit conclusion that participants would prefer stan-
dardization for all surgical skills training cannot be strictly
argued, we believe it can be inferred with confidence.
CONCLUSION
Simulation has been validated as a means to improve
trainee performance on competency-based procedural
skills. The most effective means by which surgical skills are
acquired has not been well established. This study demon-
strated a difference in competency scores between two
homogenous groups of novice surgeons randomized to
different teaching methods. We believe that open vascular
simulation can be used to study the effect of teaching
systems on performance outcome and from this study
recommend that standardization be the preferred teaching
methodology for simulated surgical skills training.
In the ACGME-mandated 80 duty-hour per week era,
focused competency-based open simulation training pro-
vides a valuable resource for junior surgical resident train-
ing. Essential to the advancement of simulation-based sur-
gical education, however, are studies that demonstrate the
measurable clinical benefit of standardized teaching in an
operating room setting.
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Dr Gregory Moneta (Portland, Ore). Many believe resident
exposure to different ways of doing things is important to becom-
ing a flexible surgeon who is able to adapt to different conditions.
Do your data suggest optimal methods for teaching skills in a
simulation environment are different from those required for pro-
ducing a surgeon who can work undermany different conditions inDr Jonathan Bath. I think that’s an excellent point. In order
for a novice surgical resident to learn a challenging novel task, we
feel that it would be better for them to have a structure going into
the operating room, a solid foundation per se, that they can then
build upon and incorporate other techniques and idiosyncrasies
from different surgeons. We don’t submit that this is the way
things will or should be done in the operating room; however, I
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surgeon, you can build upon.
Dr Robert Patterson (Providence, RI). You mentioned idio-
syncrasies, which I think is the hallmark of surgical training, that
you always were taught something different from every surgeon
that you participate with. Was the first group that had different
instructors at each session, were those instructors told to teach
them the exact same technique or was it left up to the instructor to
use their own idiosyncrasies, as you will?
Dr Bath. The hallmark of this study was that we were com-
paring a standardized technique to a traditional or so-called idio-
syncratic technique. The attendings were not given any direction
other than the brief to instruct the surgical residents to perform a
vascular anastomosis. Therefore, they had their own idiosyncrasies
that they brought to the table, which was specifically what we
wanted to look at.
Dr Patterson. So to follow up on that, did you assess the
random instructors, if you will, on the same test that you used on
the students? I mean if the students were tested based on their
knowledge learned from a standardized approach, aren’t you sort
of already setting up your program to be better?
Dr Bath. If I understand the question correctly, your question
pertains to the construct validity of using the model. I think that’s
obviously the next step for this. This was an initial proof-of-
concept study, and I think that the question of construct validity is
always going to plague these educational studies. But that is the
next step for this type of research.
Dr Joseph Mills (Tucson, Ariz). I have a comment and a
question. This is a really interesting talk juxtaposed to Dr Eidt’s.
John’s talk focused on volume issues, but volume is really a
surrogate for competence. But what we really want to measure I
think is competence. And also what we want to teach is compe-
tence. If you think about how we have taught for years, we have
never actually defined competence in all the specific tasks we teach.
We just figured if somebody hangs around long enough they
would eventually pick up what we wanted to teach.
I’m not the sure that simulation is necessarily the answer as
much as restructuring teaching such that it focuses on key points
and key principles that trainees must learn. The problem with
simulation, and we’ve had an Association of Program Directors in
Vascular Surgery (APDVS) committee working for 2 years, is that
we are still waiting to get an assessment of what things we can do
better with simulation. There is still very little evidence that you
can’t learn the same way we all learned only in a more structured
way.
My question is: Did the people in the standardized approach
know what was going to be assessed on their test? So if you have a
standardized approach that says, well, you have to cut the anasto-
mosis this long and you have to put this many sutures in, this is
what we’re going to test you on, then obviously you’re going to
get a better test score. Was this group better prepared to take the
test?Dr Bath. No, the answer is that the participants were not
aware of the details of the testing session. That was a fundamental
tenet of setting up this study was that there was no interference
from how they were taught and the testing method, which was
formulated by surgeons not involved in the training phase of the
study.
I think your comment regarding assessment of competency is
a very timely and valid one. I think simulation gives you the
opportunity to actually assess the technical competence of individ-
uals in a controlled setting. But as more evidence becomes clear,
that is not the final be-all and end-all of what makes a good
surgeon.
Dr Jason Lee (Stanford, Calif). I have a comment and a
question. The comment is that in our search for more efficient ways
to train technical skills, the only way to demonstrate this to some of
the skeptics in the room is by rigorous studies, including multi-
institutional collaborations. This will power the studies better to
make the conclusions more universal and acceptable that many
basic open and endovascular skills can be taught in the skills lab.
We will certainly need to use these standardized curricula and
grading schema to help develop a national standard for skills
acquisition, particularly with the development of integrated vascu-
lar residencies.
The question I had related to your paper is the demographics
these residents came into the study with. Was there a significant
difference in prior exposure to suturing? Had they already been on
various services that had a significant amount of operative experi-
ence, and could that have explained some of the difference be-
tween the experimental and the traditional subgroups?
Dr Bath. We did perform a survey of the demographic infor-
mation of the two groups. We did not perform a prestudy test per
se. The demographics did not show any significant difference in
exposure to simulation. I can’t say that one set of interns were
perhaps exposed to more suturing practice during the course of
their individual rotations. I think a prestudy test would perhaps
sort that out a little better. The point is well taken.
Dr Rabih Chaer (Pittsburgh, Pa). While it may be true that
the standardized method is superior on a simulator session, how
does that translate to a residency training program where repeti-
tion is really incorporated in a 3- or 5-year program? Does the
standardized method maintain its advantage in that setting, or
would both methods equalize over the duration of the training
program?
Dr Bath. Again, I think an excellent point. I think with the
reduction of work hours we have now, we are looking for addi-
tional ways to train. It becomes clear that we don’t have endless
hours now in the operating room to do the teaching that we would
have liked. I think there is a role for simulation, and I think that in
addition, the public are calling for surgeons to be assessed to be
competent prior to going into the operating room. I think this is a
trend that we are going to see more of going forward. So I think
this is where simulation has one of its benefits in the fact that one
can, perhaps, assess competency prior to performing a procedure.
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